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2,659,016 

oPERATION OF x-RAY TUBE's 
Victor Quittner, London, England, assignor to 
General Radiological Limited, London, Eng 
land, a British company 
Application July 19, 1951, Serial No. 237,560 
Claims priority, application Great Britain 

July 22, 1950 

A known way of switching on and off an X-ray 
tube is by the use of a grid-controlled Switch tube 
in series with it, the grid bias of the switch tube 
being governed by a switch in a low voltage cir 
cuit. A well insulated transformer is a conven 
ient means of transferring the control to the high 
tension circuit of the X-ray tube, and therefore 
alternating currents have been used in the low 
tension circuits with rectifiers in the transformer 
secondary circuits. To obtain prompt response 
in the high tension circuits to a Switching opera 
tion in a low tension circuit a high frequency 
alternating current has been employed. 
According to the use to which an X-ray tube 

is put the voltage applied to it may need to be ad 
justable over a wide range. Also in the many 
uses in which the X-ray tube is required to yield 
rays of substantially constant hardness, it is de 
sirable that the voltage applied to the tube shall 
be kept constant notwithstanding variations of 
mains voltage or discharge of condensers from 
which the tube supply is drawn. 
The present invention is concerned with cir 

cuits for operating an X-ray tube, that is to Say 
both switching it on and off and also adjusting 
or maintaining constant the voltage applied to 
the tube. According to the invention a high fre 
quency generator having its output controlled by 
a voltage tapped from a potentiometer connected 
across the X-ray tube or connected between an 
electrode of the X-ray tube and earth supplies 
through a high frequency transformer, a rectifier 
and a smoothing circuit the grid bias of a grid 
controlled switch tube in series with the X-ray 
tube, the rectifier being so set that increase in the 
voltage across the X-ray tube or in the potential 
relative to earth of the electrode connected to the 
potentiometer modifies the bias on the grid of 
the switch tube so as to reduce the current 
through it. The switch tube must be capable of 
carrying the maximum current required in the 
X-ray tube and of withstanding the Supply volt 
age of the X-ray tube or the potential of its elec 
trode relative to earth; and the operating circuit 
must be capable of increasing the grid bias from 
a negative value sufficient to cut off current 
through the tube under any condition of opera 
tion to a value at which the tube can pass the 
maximum current required by the X-ray tube. 
Where there is a high potential difference be 
tween the low voltage circuits and the SWitch tube 
they control, as will usually be the case, the high 
frequency transformer must have adequate insu 
lation between its windings to withstand it. 
While adjustment of the voltage across the 
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X-ray tube could be made by varying the position 
of the potentiometer tapping, it is preferable, 
Since at least one terminal of the potentiometer 
is at a high voltage relatively to earth while the 
X-ray tube is working, to immerse the whole of 
the potentiometer in oil so that its ratio is unaf 
fected by temperature changes, to provide an in 
dependent source of adjustable voltage at the 
control desk, and to control the high frequency 
generator by the difference between this adjust 
able voltage and that tapped from the potenti 
ometer. 

If the amplification occurring in the high fre 
quency generator and in the switch tube is not 
alone sufficient, the control may be rendered 
more sensitive by interposing an amplifying tube 
between the secondary winding of the high ten 
Sion transformer and the grid circuit of the 
Switch tube. In this case a negative cut-off volt 
age may be applied to the switch tube through a 
high resistance, and a positive bias may be ap 
plied to it through the cathode-anode circuit of 
the auxiliary amplifier. When the amplifier is 
biased to cut-off only the negative bias is opera 
tive; when it is conductive part of its anode cur 
rent fows through the high resistance and the 
total bias can become positive. 
For the sake of equalising the potentials to 

earth of both terminals of the X-ray tube and 
thereby reducing them to the least value possible, 
and in order wholly to isolate the X-ray tube 
from high tension when it is switched off, it is 
preferable to employ two switch tubes one on each 
side of the X-ray tube, as described in the speci 
fication of my application Ser. No. 237,559, filed 
July 19, 1951, and the construction of the switch 
tubes is much simplified if they have to deal with 
only half the high tension supply voltage. Em 
bodiments of the invention using two switch tubes 
are illustrated by the accompanying diagrams of 
Connections. It Will be seen that to use one switch 
tube only is to dispense with one half of the con 
trol circuits shown. 

Fig. 1 shows a simple form of the invention; 
Fig. 2 ShoWS the use of amplification in the 

control circuits. - 

In Fig. 1 the X-ray tube is indicated by , and 
the two SWitch tubes by 2 and 3 respectively. 
For controlling X-ray tubes which have only to 
take a Small current for instance for X-ray 
tubes used for crystallographic investigations, 
the SWitch tubes may be triodes. As a rule it will 
be convenient to use beam tetrodes as indicated 
in the diagram or pentodes for the sake of their 
higher amplification. Between the X-ray tube 
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electrodes and earth are connected potentiom 
eters or tapped resistances 4, 5, and 6, 7. These 
will usually be immersed in oil. So that it is incon 
venient to vary the tappings. Instead the volt 
age drawn from each potentiometer is balanced 
against a steady but adjustable low voltage drawn 
from a source 8, 9 respectively; these Sources have 
a common earthed terminal. 
justment of the two sources are ganged so that 
a single control knob on the control panel of the 
apparatus serves to vary both to corresponding 
extents. 
The control voltages so obtained in a low poten 

tial circuit, in part by manual Setting of the 
sources 8, 9, and in part from the X-ray tube 
itself, are required to govern the bias of the 
switch tubes in a high potential circuit. The con 
trol voltages are employed to govern the output 
of high frequency generators and ill, in any 
manner usual in modulation for communication 
purposes. In the scheme shown the voltage 
across the resistance 4 is applied to the grid and 
the voltage of the Source 8 to the cathode of a 
tube, for instance an amplifying tube 0, in the 
high frequency generator O, SO that the differ 
ence of the two voltages is the grid bias of the 
tube. Tube 0 amplifies the output of an oscil 
lator comprising a tube O2 having a tunable 
anode circuit 03 coupled to its grid in a Well 
known nanner. Similarly the difference between 
the voltage across resistance 6 and that of Source 
could govern the output of the correspondingly 
numbered generator . The generators fo, 
supply transformers 2, 3 respectively, which are 
high frequency transformers with adequate in 
Sulation between their windings to withstand the 
potentials at which the Switch valves operate. 
The transformers apply grid bias to the respective 
SWitch valves through rectifiers 4, 5 and 
Smoothing elements 7, 8, 9 and 20, 2 and 22. 

But the voltages applied to the generator 
are of opposite sign to those applied to the gen 
erator ; yet a chance increase in the Voltage 
between either X-ray tube electrode and earth 
must increase the negative bias on the corre 
sponding Switch tube. This may be taken care of 
either by including a Source of Steady negative 
bias in the grid circuit of One SWitch tube, Or by 
making the generators , it differ in the respect 
that increase in the positive tapped bias of the 
One and increase in the negative tapped bias Of 
the other alike increase the generator output. 
In the diagram shown a reversing tube 4 
changes the sign of the bias applied to tube i. 
Whatever the means employed to transfer the 

control from a low potential circuit to the X-ray 
tube circuit, it is important that it should in 
troduce as little delay as possible or an oscillation 
Of X-ray tube voltage may be set up. 
A large part of the circuit of Fig. 2 is Substan 

tially the same as Fig. , and being marked With 
the Sane references needs no further descrip 
tion. The bias obtained from the transformers 2 
and i3 is not applied directly to the grids of the 
SWitch tubes 2 and 3, but to auxiliary amplifier 
tubes 23, 24 which in turn control the bias on the 
SWitch tubes. Negative bias Sufficient, in the ab 
sence of any modulation of the high frequency 
generator output, to render the auxiliary tubes 
non-conductive is applied to them by sources 
25, 26. Negative bias sufficient to make the 
switch tubes, 2, 3, non-conductive so long as the 
auxiliary tubeS 23, 24 are non-conductive, is Sup 
plied by Sources 2, 28, connected between grid 
and cathode of the switch tubes in series with 
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4 
high resistances 29, 30. The auxiliary tubes 23, 
24 are connected between cathode and grid of 
the respective Switch tubes 2, 3 in Series with 
Sources of positive bias 3, 32. The auxiliary 
tubes 23, 24 are shown as Screen grid tubes, tak 
ing screen grid voltage in usual manner from po 
tentiometers 33, 34. The usual grid circuit re 
sistances 35, 36 protect the tubes against exceSS 
current. Resistances 37, 38 and 39, 40 provide 
negative feedback for the auxiliary tubes to re 
duce the change in shape of their amplification 
characteristics as between the conditions of nega 
tive and positive bias on the Switch tubes. 

It will be seen that so long as the auxiliary 
tubes are biased to cut-off the SWitch tubes are also 
biased to cut-off. When current flows through 
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the auxiliary tubes and the resistances 29, 30, the 
negative bias on the Switch tubes is reduced and 
current begins to flow through them and the 
X-ray tube. As the bias on the auxiliary tubes 
varies further in the positive direction the bias on 
the SWitch tubes becomes positive and grid cur 
rent flows. When the SWitch tubes are again 
biased to cut-off the X-ray tube is isolated and 
the charge on its Supply leads is instantly dissi 
pated through the potentiometers 4, 5 and 6, 7. 

I claim: 
1. A circuit for operating an X-ray tube, com 

prising a grid-controlled Switch tube in series 
With the X-ray tube, a high frequency generator, 
a potentioineter connected to a terminal of the 
X-ray tube and to Said high frequency generator 
applying to Said generator a modulation depend 
ent on the potential of at least one electrode of 
tile X-ray tube, a high frequency transformer 
having its primary Winding in the output circuit 
of Said high frequency generator, and a rectifier 
and Snoothing circuit connecting the secondary 
Winding of Said transformer to the grid and cath 
Ode of Said SWitch tube. 

2. A circuit for Operating an X-ray tube, com 
prising a grid-controlled Switch tube in series 
With the X-ray tube, potentiometer means con 
nected With at least one of the electrodes of the 
X-ray tube and deriving therefrom a low stabilis 
ing Voltage dependent on the potential of said 
electrode, and control transmitting means includ 
ing a low voltage high frequency generator con 
nected with Said potentiometer means, and a 
transformer coupling said high frequency gen 
erator to the grid of said switch tube to apply 
thereto a voltage dependent on said stabilising 
Voltage. 

3. A circuit for Operating an X-ray tube, com 
prising a grid-Controlled SWitch tube in Series 
With the X-ray tube, potentiometer means con 
nected to at least One of the electrodes of the 
X-ray tube to derive therefrom a low stabilising 
Voltage dependent on the potential of the elec 
trode, an adjustable Source of regulating voltage 
at low tension, and control transmitting means 
including a low voltage high frequency genera-. 
tOr Connected With Said potentionnetter means and 
Said Source and a transformer coupling Said high 
frequency generator to the grid of Said Switch. 
tube to apply thereto a voltage dependent on Said 
Stabilising voltage and said regulating voltage. 

4. A circuit for Operating an X-ray tube, com 
prising a grid-controlled SWitch tube in Series 
With the X-ray tube, an auxiliary tube con 
trolling the grid Voitage of Said Switch tube, a 
high frequency generator, a potentiometer con 
nected to at least one electrode of the X-ray tube 
and to Said high frequency generator to apply to . 
the latter a modulation dependent on the poten 
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tial of Said electrode, a high frequency trans 
former having its primary winding in the output 
circuit of said high frequency generator, and a 
rectifier and Smoothing circuit connecting the 
secondary winding of Said transformer to the grid 
and cathode of Said auxiliary tube. 

5. A circuit for Operating an X-ray tube, com 
prising a grid-controlled SWitch tube in Series 
with the X-ray tube, an adjustable source of 
regulating Woltage, and control transmitting 
means including a low voltage high frequency 
generator connected with Said source of regulat 
ing voltage and a transformer coupling Said gen 
erator to the grid of Said Switch tube to apply 
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6 
thereto a voltage dependent on said regulating 
voltage. 

VICTOR, QUITTNER. 
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